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ABSTRACT 
 
The resource utilization and direct application of sea sand in construction engineering is a hot topic of interest. In 
order to avoid the problem of steel corrosion in the sea sand concrete, basalt fiber reinforced plastic 
(BFRP) mesh instead of steel mesh to reinforce sea sand mortar thin plate was considered. This novel thin plate 
resulted in a structural performance clearly superior to that of a steel mesh thin plate. In this paper, the durability 
performance was investigated for both natural indoor environments and wet-dry environments. The experimental 
results showed that the tensile strength of the BFRP mesh thin plate varied slightly, the bending strength 
decreased significantly, and the ductility improved after 1 year indoor environmental exposure, which is 
marginally better than that of the steel mesh thin plate. Subjected to wet-dry environments in a salt solution for 1 
year, however, the tensile strength, flexural strength and ductility of the BFRP mesh thin plate were all 
significantly decreased. The performance of the steel mesh thin plate in this condition was clearly better. 
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INTRODUCTION 
 
Because of the reduction in available river sand and development of ocean engineering, the exploration and 
utilization of sea sand resources has been gaining increased attention. Currently, there are two main approaches 
to maximizing the utilization of sea sand: after washing and using directly. Because of the high cost and low 
efficiency of the latter approach, direct usage will be the predominant approach in the future. However, chloride 
in sea sand causes steel corrosion, which is a direct challenge to the use of sea sand in concrete. To avoid this 
problem, many studies have considered using fiber reinforced plastic (FRP) materials to replace steel (Hempel 
1998; Reinhardt et al. 2003; Butler et al. 2010). Much research has been conducted on carbon fiber reinforced 
plastic (CFRP) as an alternative material (Täljsten 2003; Meftah et al. 2007; Bigaud and Ali 2014), but it costs 
high.  
 
Basalt fiber reinforced plastic (BFRP) is a new type of composite material with high performance and relatively 
low cost. It has good durability and chemical stability as well as excellent electrical insulation, fire resistance, 
and thermal resistance (Zych and Krasodomski 2012; Rybin et al. 2013; Jiang et al. 2014). In previous efforts, 
the present authors used a BFRP mesh to replace the steel mesh in a sea sand mortar thin plate. The initial 
flexural toughness and flexural bearing capacity were better than those of the steel mesh thin plate. The initial 
tensile strength was slightly lower, but the ductility was higher (Xie et al.2014). This paper presents a further 
study on the durability of the BFRP mesh. Natural indoor environments and wet-dry environments were 
considered.  
 
MATERIALS AND METHODS 
Materials 
 
(1) The mix proportions of sea sand mortar were as follows: cement:sea sand:super-plasticizer:water = 
1:2.23:0.012:0.45 (mass ratio). Sea sand was filtered to use particles in the range of 0.063–0.355 mm. Portland 
cement was P·O 42.5. The super-plasticizer had a water reduction rate of ≥38%. Sea sand mortar has the 
advantages of high density, low water absorption, and high compressive and flexural strengths. 
 
(2) For comparison, two types of mesh were used: BFRP mesh and steel mesh, which grid sizes were 10 mm × 
10 mm both. Chinese standard GB/T3362-2005 was used to test the fiber and steel properties. 
 
The linear density of fiber bundle of BFRP mesh was 800g/km and the density was 2.65g/cm3，so the section 
area of the fiber bundle was 0.3 mm2; The ultimate tensile capacity of fiber was 291.5 N, and the elongation at 
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break was 1.8%. The steel wire diameter was 0.7 mm, and the wire cross-sectional area was 0.38 mm2. Table 1 
lists the mechanical properties of the meshes. 
 
Table 1 Mechanical property of bundles 
Materials Yield strength (MPa) Elastic modulus (GPa) 
BFRP bundle 970 100 
Steel wire 300 200 
 
Methods 
 
(1) Sample preparation: A wooden mold was made from a thin plate with dimensions of 800 mm × 150 mm × 8 
mm. Two layers of BFRP or steel mesh were placed in the mold and fixed. Then, the mold was filled with 
mixing mortar and vibrated. Finally, the surface was smoothed. The specimens were cured at 20 °C and RH > 
95%. After 7 days, the mold was removed. Curing continued up to 28 days. Some of the specimens were 
selected for testing directly: B(I) and S(I), where B represents the BFRP mesh and S represents the steel mesh. 
Some of the specimens were cured under natural indoor environments for 1 year(condition (II)): B(II) and S(II). 
The rest were cured in a salt solution with wet-dry environments for 1 year (condition (III)): B(III) and S(III). 
For the wet-dry environments in a salt solution, the salt solution contained 3.5% NaCl, which is similar to the 
concentration of salt in seawater. The temperature was 40 °C, and the circulation time was 24 h (14 h dry and 10 
h in water) over 360 cycles. 
 
(2) Test method: The sample preparation and testing of tensile were reference to literature of Lee (Lee et al. 
2014). Thin plant specimens were cut into dimensions of 150 mm × 50 mm, and each specimen contained four 
complete grids in the transverse direction. Before testing, the two ends of the specimens were treated with epoxy 
resin and then clamped. Figure 1 shows the tensile test of thin plate. 
 
In addition, single fiber bundles and steel wires were tensile tested according to GB/T3362-2005. Some of them 
were put into saturated NaCl solution for 30d, 60d and 90d and the the mass loss rate and tensile capacity were 
detective. The specimens were washed with distilled water and put in vacuum dryer after removing from the 
salt solution. Figure 2 shows the samples and tensile test of single bundle. 
 
 
Figure 1 Tensile test of thin plate 
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Figure 2 Samples and tensile test of BFRP multifilament  
 
For the bending test, specimens were cut into dimensions of 700 mm × 150 mm, and the GB/T19631-2005 
standard was referred to. A DDL100 electronic universal testing machine was used for the tensile and bending 
tests. To obtain the tensile load–deformation curves, the treated specimens were clipped in a folder on both ends 
of the instrument wedge chuck and loaded by displacement control at a loading rate of 0.2 mm/min. To 
approximate the clamped condition, the ends of each specimen were fixed to a G-type clamping device to obtain 
the maximum deformation. Thus, a three-point bending test with the ends clamped was simulated. The effective 
span was 500 mm. On the basis of the results, the bending load–span deflection curve was derived. Figure 3 
shows the bending test of the thin plate. 
 
    
Figure 3 Bending test of thin plate 
 
RESULTS 
Tensile Test 
 
Figure 4 shows the tensile load–deformation curves. 
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(b) Steel mesh thin plate 
Figure 4 Tensile load–deformation curves 
 
Curves in Fig.4 were coincided with the typical tensile load–deformation curve. In terms of the testing process, 
the curves can be divided into two stages. The first is the linear ascent stage: where the thin plate does not show 
cracking and the main load is on the mortar. The second stage is the crack development stage where the mesh 
starts working to bear the load. Because of the coupling effect of the mesh and restraint of the mortar, the 
development and expansion of micro-cracks are subject to certain restrictions. As the load continues to increase, 
more micro-cracks develop in the thin plate. When the mortar reaches the limit tensile strain, macroscopic cracks 
appear, and a significant turning point emerges on the load–deformation curve. Then, the mortar fails, and the 
mesh bears the entire load. As the load increases, the mesh is pulled apart and the specimen sustains damage. 
As shown in Figures 4(a) and (b), the ductility of the B and S specimens followed the order of (II) > (I) > (III) 
for tensile failure. That is, in condition (II), the ductility of the thin plates improved. In condition (III), the 
ductility of the thin plates declined. For the same conditions, B showed a better ductility than S. 
Table 2 presents the characteristic parameters of the thin plates on the basis of the experimental results. 
 
Table 2 Characteristic parameters of tensile test 
Specimen First cracking load Fr (kN) 
Failure load 
Fu (kN) 
557
B (I) 1.34 2.24 
B (II) 1.34 2.43 
B (III) 0.47 1.26 
S (I) 1.38 2.80 
S(II) 1.47 2.27 
S (III) 0.50 1.58 
 
The first cracking load of B(I) and B(II) were the same and the failure load were slightly different. The BFRP 
mesh of B(II) showed tensile failure: fibers were exposed outside the fracture section, and the fiber bundles 
became loose. The first cracking load and failure load of B(III) showed significant declines of 53% and 43.8%, 
respectively. In condition (III), only a few short fibers were exposed outside the fracture section, and a few tiny 
pores appeared at the interface between the mortar and mesh. Compared with S(I), S(II) showed a slightly 
increased of cracking load, but the failure load decreased by 23.3%. There was no significant corrosion 
phenomenon on the fracture surface of the steel mesh. The first cracking load and failure load of S(III) showed 
larger declines of 63.8% and 58%, respectively. The steel mesh showed striking corrosion, and significant 
separation occurred at the interface between the steel wire and mortar in condition (III). 
To investigate the effect of chlorine, the single bundles of BFRP and steel mesh were placed in NaCl solution. 
The mass loss rate and tensile capacity of single bundles were measured, and the results are given in Table 3. 
 
Table 3 Mass loss rate and tensile capacity of bundles after placed in NaCl solution 
Time (Day) Mass loss rate (%)  Tensile capacity (kN) 
BFRP bundle Steel wire  BFRP bundle Steel wire 
0 0 0  0.29 / 
30 2 0.08  0.29 0.26 
60 3 9  0.24 0.15 
90 11 40  0.1 0.07 
As the duration of the bundles in the NaCl solution increased, the mass loss rate of both the steel mesh and 
BFRP mesh increased, whereas the tensile strength decreased. The 30 day mass loss rate of the BFRP mesh was 
higher but those of 60 days and 90 days were much lower than those of the steel mesh. This result suggests that 
although the BFRP mesh was affected by the NaCl solution, the dissolution of the substance was much less than 
that of the steel mesh. The rate of decrease in the tensile capacity of the steel mesh was higher than that of the 
BFRP mesh, especially before 60 days. However, the rate of decrease in the tensile capacity of the BFRP mesh 
at 90 days was as high as 65.5%. This result suggests that the deterioration of the tensile strength of the steel 
mesh was worse than that of the BFRP mesh before 60 days, but only slightly worse subsequently. The corrosion 
mechanism of BFRP will be studied in a following work. 
 
Bending Test 
 
Figure 5 shows the bending load–deflection curves. 
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(a) BFRP mesh thin plate 
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(b) Steel mesh thin plate 
Figure 5 Bending load–deflection curves 
 
As shown in Figure 5(a), the load–deflection curves of B(I) and B(II) fit the typical bending load–span deflection 
curve. In terms of the testing process, the curves can be divided into three stages. The first stage is from the 
initial load to the occurrence of the first crack. The second stage is called the crack development stage where a 
number of cracks develop occur on the bottom and ends of the thin plate. During these two stages, mortar and 
BFRP mesh bear the load together. During the third stage, the number of cracks becomes saturated; then, the 
main crack begins to expand, and the mortar gradually stops bearing the load. The load is borne by the BFRP 
mesh until the plate fails. Because the BFRP bundles do not approach the ultimate load simultaneously, there are 
a series of mutation points on the curves in the third stage that correspond to the intermittent fracture of the 
fibers. Although the load–deflection curve of B(III) is similar to those of B(I) and B(II), its mortar stopped 
bearing the load quickly after the cracks appeared, and the BFRP fibers rapidly fractured at a small load and 
slight deflection before the plate failed. 
 
As shown in Figures 5(a) and (b), the load–displacement curves of the steel mesh thin plates are different from 
those of the BFRP thin plate because steel is elastoplastic; its stress–strain constitutive relation is different from 
that of fiber, which has a linear constitutive relation. The steel mesh thin plates were damaged in a relatively 
short period, and the damage deflection was less than that of the BFRP thin plates. During the process of steel 
mesh thin plate failure, only one crack developed in the mid-span where the plate fractured, and the steel wire 
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made a popping sound at the same time. The steel mesh thin plates tended to fail in brittle fracture mode. 
On the basis of the test results, Table 4 lists the flexural failure characteristic parameters. 
 
Table 4 Characteristic parameters of bending test 
Specimen First cracking load Pr (N) 
Failure load 
Pu (N) 
Mid-span deflection 
D (mm)  
B (I) 272 1249 28.7 
B (II) 180 697 33.1 
B (III) 137 257 9.0 
S (I) 212 734 20.3 
S(II) 123 576 22.8 
S (III) 93 409 17.7 
 
As the conditions deteriorated, both the cracking and failure loads of the thin plates decreased. Compared with 
B(I), the cracking and failure loads of B(II) declined by 33.8% and 44%, whereas those of B(III) decreased by 
49.6% and 79%, respectively. Compared with S(I), the cracking and failure loads of S(II) decreased by 42% and 
21.5%, whereas those of S(III) decreased by 56.1% and 44.2%, respectively. The conditions clearly had a more 
significant impact on the failure load of the BFRP thin plates than on the failure load of the steel mesh thin plates. 
The mid-span deflection was also affected by the conditions. The mid-span deflections of both the BFRP and 
steel mesh thin plates increased in condition (II), but all of them decreased in condition (III). In particular, the 
mid-span deflection of B(III) was only 9 mm. The bending failure section of the B specimens was similar to the 
tensile test results; the basalt fibers of B(I) and B(II) were pulled apart with fibers exposed in the fracture section. 
The fiber bundle of B(II) was looser than that of B(I), but the pulled fibers were longer. For B(III), the fibers 
were only pulled to a short length. Small pores were observed at the interface between the mortar and fiber. For 
the steel mesh thin plates, there was no significant corrosion in S(I) and S(II), but S(III) showed significant 
corrosion. Figure 6 shows the fracture surface of the thin plates during the bending test. 
 
 
(a) B(II) 
 
 
(b) B(III) 
 
 
(c) S(II) 
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(d) S(III) 
Figure 6 Fracture surface of thin plates in bending test 
 
DISCUSSION 
 
The initial tensile strength properties of B(I) were similar to those of S(I), especially the bending strength and 
ductility were superior. In condition (II), the performance of mortar was relatively stable. Because the load was 
mainly borne by the mortar in the first stage of the tensile test, the first cracking loads of B(II) and B(I) were 
almost the same. However, the BFRP was corroded by the high alkalinity of cement, which deteriorated the 
interface and affected the integrity of the fiber bundles. Because of this, relative slip occurred between the fibers 
during the tensile and bending tests, which improved the ductility and the failure load of B(II). But it inevitably 
led to a decrease in the shear strength of the mesh. Thus, the first cracking load and failure load of B(II) of 
bending were greatly reduced. This analysis was consistent with the phenomena of the bending test. In condition 
(I), the bare fiber bundles in the fracture section were more holistic, and the length varied which indicated tensile 
damage. Otherwise, in condition (II), the bare fiber bundles in the fracture section were loose and the fiber 
bundles fractured abreast, which indicated shear damage. 
 
In condition (III), the performances of the BFRP mesh and mortar changed greatly. Not only did the interface of 
the fiber bundle deteriorate but the fibers also suffered severe corrosion. Furthermore, the interface between the 
fiber bundle and mortar separated too. Therefore, the tensile and bending strength of B(III) significantly 
decreased and the ductility was greatly reduced. In particular, the mid-span deflection was only 9 mm, which is 
approximate to the brittle fracture of cementitious materials. In both the tensile and bending test, the bare fibers 
in the fracture section were few and short. This indicates that the fibers were seriously corroded and broke easily 
when subjected to a minute load. Clearly, the BFRP mesh has poor durability in wet-dry environments. 
 
The tensile and bending properties of the steel mesh thin plate varied similarly to those of the BFRP mesh thin 
plate in conditions (II) and (III), but the principles were not the same. In condition (II), the direct bonding force 
between the mortar and steel mesh was reduced because of mortar dehydration and shrinkage. Afterwards, 
peeling and slip occurred between the mortar and steel mesh in the tensile and bending tests, which resulted in a 
slight increase in ductility. However, the bonding interface deterioration reduced the strength, so the tensile and 
flexural strengths declined. In condition (III), the steel mesh was severely corroded because of the chloride ions 
in the salt solution, which greatly reduced the effective cross-sectional area of the steel wire. Meanwhile, the 
corroded steel wire exhibited severe peeling off from the mortar. All of these factors significantly degraded the 
tensile and bending properties of the thin plate, but the rate of decrease was less than that of the BFRP mesh thin 
plate. 
 
 
CONCLUSIONS 
 
The durability of BFRP mesh-reinforced sea sand mortar thin plates in natural indoor environments and wet-dry 
environments was studied and compared with that of steel mesh thin plates. When exposed to natural indoor 
environments for 1 year, the tensile strength of the BFRP mesh thin plate varied slightly and the bending 
strength decreased significantly, whereas the ductility improved, which was marginally better than that of the 
steel mesh thin plate. When exposed to wet-dry environments for 1 year, the tensile strength, flexural strength, 
and ductility of the BFRP mesh thin plate all significantly decreased, and the performance of the steel mesh thin 
plate was clearly better. 
 
In future research, the rate and mechanism of corrosion of BFRP will be considered and a modified BFRP will 
be tested. 
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